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Classical	   bioac*ve	   pep*des	   are	   cleaved	   from	   larger	   precursor	  
proteins	   that	   have	   a	   signal	   sequence	   at	   their	   N-­‐terminus.	   As	   a	  
consequence	  they	  are	  targeted	  into	  the	  secretory	  pathway	  and	  once	  
extra-­‐cellular	  play	  a	  signaling	  role	  for	  example	  by	  ac(va(ng	  G-­‐protein	  
coupled	  receptors.	  More	  recently	  a	  new	  class	  of	  bioac(ve	  pep(des	  is	  
described	   (non-­‐classical)	   consis(ng	   of	   pep(des	   that	   are	   not	  
processed	   in	   the	   secretory	  machinery.	  One	   type	  of	   this	   laZer	   class,	  
i.e.	   micropep*des,	   is	   immediately	   translated	   from	   small	   open	  
reading	   frames	   (sORFs;	   <	   100	   AA).	   Since	   they	   lack	   an	   N-­‐terminal	  
signal	   sequence	   they	   are	   in	   principle	   set	   free	   in	   the	   cytoplasm	  
immediately	  aBer	  transla*on.	  
INTRODUCTIONOVERVIEW
	  Evolu*onary	  conserva*on	  of	  tal	  micropep*de
Although	   some	   members	   of	   this	   new	   category	   could	   already	   be	   linked	   to	   important	   embryonic	   and	  
morphogene*c	   func*ons,	   micropep(de	   research	   is	   not	   yet	   widespread.	   An	   evolu*onary	   conserved	  
micropep(de	  was	   iden(ﬁed	  in	  Drosophila	  and	  referred	  to	  as	  polished	  rice	   (pri)	  or	   tarsal-­‐less	  (tal)[2].	  These	  
tal	   (or	  pri)	  pep(des	   (11	  AAs	   long)	   control	  epidermal	   diﬀeren*a*on	   by	  modifying	   the	   transcrip(on	  factor	  
Shavenbaby	   (Svb).	  Next	   to	   that,	   increasing	   evidence	   suggests	   that	   these	   so-­‐called	  micropep(des	   are	  also	  
present	  in	  higher	  eukaryotes,	  including	  mammals.	  
Furthermore,	   new	   sequencing	   methodologies	   emerge.	  
Ribosome	  proﬁling,	  a	  recently	  described	  technique,	  based	  on	  
deep	   sequencing	   of	   ribosome-­‐protected	   mRNA	   fragments,	  
enables	   the	  high-­‐precision	   and	   genome-­‐wide	  monitoring	   of	  
transla*on[3].	   Such	   experiments	   performed	   on	   mouse	  
embryonic	   stem	   cells	   (mESCs)	   strengthen	   the	   theory	   that	  
short	   un-­‐annotated	   RNA	   sequences	   or	   ribosome	   footprints	  
can	   encode	   micropep(des,	   especially	   because	   the	   length	   of	  
ORFs	  in	  the	  NTRs	  is	  frequently	  below	  100	  AAs	  [4].	  
✓Build	   a	   genome-­‐wide	  
in	   silico	   strategy	   to	  
iden(fy	   sORFs	   in	   the	  
model	   organism	   Mus	  
musculus.	  
✓Over l ap	   pos s i b l y	  
coding	   sORFs	   with	  
ribosome	   proﬁling	  







(1)	   Genome-­‐wide	   search	   in	   	  Mus	  
musculus	   for	   sORFs	   (with	   high	  
cod ing	   po ten(a l )	   w i th	   the	  
sORFﬁnder	  package	  [5].	  
(2)	  Calcula(on	  of	   diﬀerent	   pep(de	  
conserva(on	   measures	   based	   on	  
t h e	   UCSC	   Mou s e	   mu l*p l e	  
alignments	  [6].	  
(3)	  Coding	  capability	  assessment	  of	  
the	   sORFs	   by	   means	   of	   a	   Support	  
Vector	   Machine	   ( SVMl ight )	  
learning	  algorithm	  [7].
(4)	  Inspec(on	  of	  the	  sORF	  loca(ons	  
for	   presence	  of	   ribosome	  proﬁling	  
signals	   obtained	   from	   mESC	  
experiments	  [4].
(5)	   Genome-­‐wide	   visualiza(on	   of	  
all	  (experimental)	  data	  and	  all	  sORF	  
informa(on	   on	   our	   in-­‐house	  
developed	  H2G2	  Genome	  Browser	  
[8].
All	   obtained	   data	   is	   stored	   in	   a	  





# of sORFsa Coding 
sORFsb 
Pcod > 0.9b Pcod > 0.99b Coding Ribo 
sORFscncRNA 20,811 9,939 6,443 1,100 381
Exonic 63,184 34,072 21,546 10,872  
Other 155,646 80,909 37,730 9,894  
Intronic 417,295 34,716 14,582 2,361  
Intergenic 1,757,653 222,995 107,567 27,371 87
(A,B)	   Number	  of	   sORFs	  divided	  per	  genomic	   region	  
and	   for	   which	   certain	   in	   silico	   and/or	   expression	  
evidence	   can	   be	   found.	   Included	   are	   (a)	   total	  
number	   of	   sORFs	   with	   high	   coding	   poten(al	  
(according	   to	   sORFﬁnder),	   (b)	   number	   of	   sORFs	  
having	  scores	  above	  certain	  thresholds	  (according	  to	  
SVM	  analysis)	  and	  (c)	  number	  of	  sORFs	  for	  which	  in	  
silico	  coding	  as	  well	  as	  ribosome	  proﬁling	  expression	  
evidence	  is	  available.	  
(C)	   Visual	   representa(on	   of	   the	   lincRNA	   overlapping	   sORF	   located	   on	   the	   reverse	   strand	   of	  
chromosome	  2	  (127,618,033	  –	  127,618,203)	  based	  on	  data	  from	  the	  H2G2	  genome	  browser.
Coding	  poten*al	  of	  sORFs	  in	  diﬀerent	  genomic	  loca*ons
The	  combined	  approach	  iden*ﬁes	  many	  puta*vely	  func*onal	  sORFs	  in	  ncRNA	  regions
(A)	   Visual	   representa(on	   of	   the	   overlap	  
between	   ncRNA	   overlapping	   sORFs	   with	  
ribosomal	   proﬁling	   evidence	   and	   the	  
classiﬁed	  test	  subjects.	  True	  coding	  sORFs	  
are	   depicted	   in	   green	   and	   true	   non-­‐
coding	   in	   red,	   black	   dots	   represent	   the	  
ncRNA	   overlapping	   sORFs.	   Classiﬁca(on	  
and	  presenta(on	  are	  based	  on	  the	  coding	  
probability	  scores	   from	   the	  2	   SVMs	  used	  
during	  the	  analysis.	  
(B)	  AA	  mul(ple	  alignments	  for	  
the	   lincRNA	   overlapping	   sORF	  
presented	   under	   C	   and	   based	  
on	   the	   8	   species	   under	  
inves(ga(on	   from	   the	   UCSC	  
mm9	  mul(-­‐species	   alignment.	  
Next	   to	   the	   AA	   sequences	   for	  
each	   species,	   a	   synonymous	  
(S)	  versus	  non-­‐synonymous	  (N)	  
annotated	  conserva(on	   line	   is	  
a d d e d	   f o r	   b e Z e r	  
interpreta(on.
✓The	   combined	   genome-­‐wide	   approach	   towards	   the	   iden(ﬁca(on	   of	   sORFs in	   Mus	  
musculus,	   leads	   to	  the	  predic*on	  of	  a	  comprehensive	  but	  manageable	  set	  of	  puta*vely	  
coding	  sORFs.	  
✓Our	   study	   is	   a	   very	   important	   ﬁrst	   step	   towards	   the	   iden*ﬁca*on	   of	   a	   new	   class	   of	  
bioac(ve	  pep(des,	  called	  micropep*des.	  
èStar(ng	  from	  the	  described	  results,	  further	  in	  vivo	  experiments	  (e.g.	  mass	  spectrometry	  
valida(on	   and	   gene(c	   experiments)	   should	   be	   carried	   out,	   tes*ng	   ac*vity	   and	  
func*onality	  of	  the	  iden(ﬁed	  pep(de	  products.	  
Micropep*de	   research	   is	   s(ll	   in	   its	   infancy.	   Parallel	   to	   the	   discovery	   of	   more	  
micropep(des,	   our	   knowledge	   will	   also	   grow.	   It	   will	   become	   easier	   to	   discover	   and	  
annotate	   new	   members	   of	   this	   class	   of	   bio-­‐ac(ve	   pep(des.	   We	   strongly	   belief	   that	  
micropep(des	   herald	   important	   func*ons	   and	   are,	   in	   the	   same	   way	   as	   microRNAs,	  
important	  but	  long	  (me	  overlooked	  bio-­‐ac(ve	  molecules.
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